The aim of this study was to determine feeding habitats of capybaras in the ESEC-Taim (RS, Brazil) 
INTRODUCTION
The wild herbivores have developed different strategies of selection of the diet, according to the quality and abundance of victuals, the habitat type, the morphology and physiology of the animal . These animals possess strategies that allow the best nutritional use. On the other hand, the plants present defense mechanisms, such as polymeric complex as silica and lignin that reduce the digestibility (Shepherd and Cohen, 1997); tannins, or toxins that repel, or kill (Bozinovic et al., 1997) , besides protection structures as the thorns, or trichomes (Howe and Westley, 1988) . The content of fibers and the presence of secondary metabolites can influence in the foraging behavior and digestive efficiency of the herbivores (Bozinovic et al., 1997) .
Studies on alimentary habit of wild species can be developed with direct observation of the animals in the field (Barreto and Herrera, 1998) , but in many cases, this is very difficult and observation may be inaccurate; with analysis of the composition of the diet in samples of stomachal content, in that case with the sacrifice of the animal. This can be inadvisable when the species in subject are wild animals or when they are in extinction (Quintana et al., 1994) . Other alternative is the non-invasive fecal analyses through technical microhistological (Abbas, 1991) . The main advantages of the use of feces in these types of studies are: not to interfere with the habits of the animal, limitless number of samples, and eventually, the choice of comparing diets of two or more species of animals at the same time (Quintana et al., 1994) .
The study of alimentary habits using microhistological analyses of feces was developed with squirrels originally by Baumgartner and Martin (1939) . This technique has been used in different species of herbivores such as capybara (Hydrochaeris hydrochaeris) (Quintana et al., 1994) , chinchilla (Lagidium viscacia) , vizcacha (Lagostomus maximus) (Navarro et al., 1997; Kufner and Monk, 1998) , nutria (Myocastor coypus) (Borgnia et al., 2000) , guanacos (Lama guanicoe) (Puig et al., 2001) and Amazon manatee (Trichechus inunguis) (Colares and Colares, 2002) . The capybara (Hydrochoerus hydrochaeris Linnaeus 1766) is a wild herbivore, considered the largest rodent. The adults consume approximately 3Kg/day of fresh forage. The capybaras are selective grazers and choose plants with high protein content (González-Jiménez, 1978) . Being a rodent, the digestive system of the capybara is similar to the rabbit, a Lagomorpha. The stomach is simple and the cecum is very voluminous. The chewed victuals are exposed to the action of symbiont microorganisms that inhabit the cecum of the animal to accomplish the fermentation, and they play an important part in the digestion (Mendes, 1986) . The capybaras excrete two types of feces, an oval one in form of individual balls of green olive color and another of pasty consistency and clear coloration. The latter one, called cecotrofe, contains 37% more protein than the oval feces and they are ingested again, constituting an alimentary strategy (Mendes et al., 2000) . Other alimentary strategy, observed by Lord (1994) , is to regurgitate and to chew the food in the rest period. This study aimed to verify the frequency of occurrence of the vegetation in the feces of the capybaras of the Ecological Reserve of Taim (ESEC Taim), based on microhistological analysis.
MATERIALS AND METHODS

Study area
The wetlands of Taim, located in the Southern Coastal Plain, in a narrow strip between the Atlantic Ocean and the Mirim Lagoon, shelters most of the units of conservation in southern of Brazil, the Ecological Reserve of Taim (ESEC Taim). Located at the south of Brazil, in Rio Grande do Sul, among the 32° 32' and 32° 50' latitude S and 52° 23 ' and 52° 32 ' longitude W. It is on an area of 33,935 hectares with several ecosystems of several characteristics, as forests, fields, dunes, beaches, lakes and wetlands (Nogueira-Neto, 1993) . ESEC Taim is inserted in the largest complex lake of South America, constituted by the Patos Lagoon, Mirim Lagoon, Mangueira Lagoon and several smaller lakes. The climate is seasonal, with cold and rainy winter and hot dry summer. The annual average precipitation is around 1,100mm and the average temperature is 18°C (Paixão, 1984) .
Vegetation collection and capybara's feces
The collection of herbaceous vegetation in flowering and recent feces of capybaras was accomplished monthly in one year. The collected plants were deposited in the Herbarium of the University of Rio Grande (HURG) and listed in Colares et al., 2001 . A total of 133 species of herbaceous vegetation were collected, identified and distributed in 95genera and 41 families. Among these, 92 were dicotyledons, 39 monocotyledons and two pteridophytes (Colares et al., 2001) . Parts of the plants were conserved in 70% alcohol and used in the assembly of the reference collection. Samples of fresh feces of adult capybaras were conserved in FAA (85% ethyl alcohol, 10% formalin at 10%, 5% glacial acetic acid) for subsequent fecal analysis.
Fecal analysis
The fecal analysis consisted of the comparison between the fragments of epidermis of vegetable found in the feces of the animals, with epidermal layers of previously identified plants which mounted as a photomicrographic reference collection (Storr, 1961) . For each sample conserved in FAA, three sub -samples and five microscope slides were prepared and analyzed, according to the method of Heinsohn and Birch (1972) , modified by Colares and Colares (2002) . These slides were analyzed in all their extension, being written down the type of material found. For identification, anatomical characteristics of the species were observed: size, shape and types of stomata, distribution, types and size of trichomes and presence of solid inclusions.
Data treatment
Data were contained to verify the vegetation consumed by the capybaras in ESEC Taim's area, considering seasonal variations. The frequency of each alimentary item was calculated every month of the year, according to the formula: A% = (number of fragments of the item i / number of observed fragments) x 100, (Abbas, 1991) .
RESULTS
Among the 133 species of the herbaceous vegetation collected, 14.8% was found in the diet of ESEC Taim's capybaras. A larger number of species occurred in spring (54), followed by summer (38), fall (28) and winter (13). In 172 samples of analyzed feces, 2,681 showed the occurrences of fragments of epidermis of plants. The diversity of plants/samples of feces varied from 3 (May) to 12 (January). During the spring and fall a maximum of 8 and 9 species were observed for sample, while in winter and in summer, the number of species increased (10 and 14, respectively). There were 17 species identified, belonging to seven families with different habits (Table 1) , and a total of 87% were classified as aquatic plants. The Poaceae family was the most common, being found in 52.9% of the samples analyzed. Table 2 shows the percent frequency of each food item for each season. Zizaniopsis bonariensis were the most frequent species in winter, spring and summer and Paspalum disthichum in fall. The diet diversity was calculated with the Shannon index (Schafer, 1980) for each season, the values obtained for the diet were larger in summer (H=2.3) and winter (H=2), while it was similar in fall (H=1.8) and spring (H=1.9) ( Table 2 ). The Hutchinson's test (Zar, 1984) showed significant difference (p< 0.05) between summer diet and other seasons (Table 3) . 
DISCUSSION
In spite of the large number of herbaceous species found in ESEC Taim, just 14.8% of the total were present in the diet of the capybaras. These results suggested that there was a larger offer of herbaceous vegetation in ESEC Taim, that the capybaras used. This could be due to factors as palatability, or energy tenor of these plants, which would release the individuals' search for a great diversity of victuals. Water is essential for capybaras for thermoregulation and protection (Alho, 1989) , being impeded to move away the water courses in search for feeding once the larger the distance, the larger the risk of predation. Similar behavior was observed with capybaras and nutria in Argentina, where they restricted their diet to plants near the watercourses, as defense strategy against predation (Quintana et al., 1998; Borgnia et al., 2000) .
Although in ESEC Taim, a large number of dicotyledonous were found (Colares et al., 2001) , the capybaras showed the preference for the monocotyledons, only increasing the dicotyledons consumption in the summer. This phenomenon was also observed with nutria in Argentina that consumed more monocotyledons. However it maintained a constant relation between the two orders along the year (Borgnia et al., 2000) . This preference for monocotyledons could be associated to the largest presence of secondary metabolites, reducing their nutritional value (Howe and Westley, 1988) . This way in summer, when little green vegetation were available, in spite of the largest number of secondary metabolites, dicotyledon species started to constitute an important alimentary item for ESEC Taim's capybaras. Similar situation was observed with herbivores rodent in Argentina, where the dicotyledons use was related to the occurrence of apparent species (Borruel et at., 1998) . The diversity of plants for sample varied from 3 to 12, not being observed samples with an only species. Lord (1994) reported that the capybaras in Venezuela selected species to graze, only passing to the other when it was drained. Theoretically, the decrease in the nutritious value and digestibility of the plants reduced its selectivity and palatability of the herbivores, so that when they ingested less nutritious plants they could compensate eating a larger number of species (Bozinovic et al., 1997) .
Variations in the number of species for sample could represent a nutritional complement, or feeding in widespread feeding grounds made up of different plants species (Colares and Colares 2002) . The variations observed in the diet of ESEC Taim's capybaras were probably related to an alimentary complementation given the diversification of species in the samples. Species of Poaceae were more consumed by ESEC Taim's capybaras. Studies with capybaras in Venezuela (Barreto and Herrera, 1998) in Argentina (Quintana et al. 1998 ) and nutria in France (Abbas, 1991) also indicated species of Poaceae as the more consumed. During the growth, period with larger energy content, the leaves of Poaceae were consumed (McIlroy, 1964) . Species of this family generally answered the moderate pasture with growth of new nutritious sprouts. The regular maintenance of pasture areas guarantee high quality forage to the herbivores. The nutritional and the permanent viability of Poaceae were responsible for the preference of this resource for the nutria (Abbas, 1991) and probably, it also happened with ESEC Taim's capybaras. Zizaniopsis bonariensis was the most frequent species in the capybaras feces, with 30.2% of the total of occurrences. This species had high occurrence frequency in all the seasons, mainly in the winter (38%), when the offer of another alimentary items was smaller. The largest abundance of Z. bonariensis was probably, not only a preference of the capybaras due to its palatability, but also for the largest food offer. This species could be considered as the most abundant in the area due to great extension that occupied at ESEC Taim's wetland (personal observation). Colares and Colares (2002) observed similar with the Amazon manatee, where the most common vegetables in the Amazon Rivers were also more frequent in the diet of these animals. Diaz (2000) found a positive relationship among palatability of plants to rabbits and the abundance of the consumed species in terms of covering percentage. Z. bonariensis was also mentioned as more consumed by the capybaras in the Low Delta of the river Paraná in Argentina due of its largest occurrence (Quintana et al. 1998 ). On the other hand, in studies of desolated areas of the river Paraná, Argentina, Carex riparia (Cyperaceae), typical of forestation areas, were mentioned as the most abundant in the diet of the capybaras due to the largest availability (Quintana et al., 1994) , which demonstrated a behavior opportunist. Paspalum disthichum was the second species more consumed along the year (25%), being in the fall the more ingested item, with smaller ingestion in the summer when the flowering occurred. According to Abbas (1991) , during the flowering of Poaceae, the digestibility and the level of proteins in the leaves decreased, while it increased the tannin content and fibers. This reduction in the protein value of the current leaves of the flowering period, as well as the fact of the foliage to come more drought, they were probably responsible for the decrease of consumption of all the Poaceae in the summer, especially of Paspalum disthichum. The water hyacinth (Eichhornia crassipes) presented a percentage of occurrence of 5.9% (Table 1) , with its consumption peak for ESEC Taim's capybaras in the fall (Table 2) . Barreto and Herrera (1998) and Lord (1994) , showed that capybaras cut off selectively the stem up to but rejecting the leaf. In this study, the analysis of feces didn't allow them to determinate the part consumed by the animal, due to likeness among the epidermis of these two organs. According to some authors, in spite of the abundance in the habitat, aquatic plants did not constitute an important forage for the capybaras. In the Pantanal, Brazil, there were consumed moderately (Pott et al., 1986) . In Venezuela, the frequency of occurrence of aquatic plants was 2% (Escobar and Gonzaléz-Jiménez, 1976 ) and in Argentina 0.6% (Quintana et al., 1994; Quintana et al. 1998) . However, in agreement with the definition of aquatic plants (Cook et al., 1974) and according to the classification in biological ways (Irgang and Gastal Jr., 1996) , a larger number of species found in the capybaras feces were classified as aquatic plants (Table 1 ) in a total of 87%. If this classification was to be considered, it was evident that ESEC Taim's capybaras had a diet essentially of aquatic plants, what was in agreement with the atmosphere where they lived, close to courses of water. In the summer, when the flooding level decreased (Colares et al., 2001) , the percentage of ingested aquatic plants was smaller. The values of the indexes of diversity of Shannon were larger in the summer and in the winter (H=2.3 and H=2, respectively). The test of Hutchinson showed that the diversity in the summer was significantly different (p <0.05) of the other seasons. Due to the temperate climate observed in ESEC Taim's area, with cold rainy winter and hot dry summer, two critical seasons appear, in terms of food offer to the capybaras. In the winter, when there is low food offer (Colares et al., 2001) , the capybaras ingest the available items. In the summer, the quality of the forage drops due to drought, taking the capybaras to a diversification of the ingested items, seeking victuals that seem nutritious. In Argentina, according to Quintana et al. (1994; , the only critical station is the winter, when the capybaras are more selective. In the rest of the year, the behavior is less selective, incorporating palatable alimentary items. In Venezuela, with tropical climate, where the critical time is the drought period, the alimentary behavior is more selective when the offer is abundant and less selective when the quality of the forage, or the offer, is low (Barreto and Herrera, 1998) . In the spring, the occurrence of species increased, as Paspalum disthichum and Echinochloa polystachya. The increase and the consumption of these Poaceae were probably related to the appearance of new sprouts and of tender more palatables leaves. Due to a larger readiness of victuals, the capybaras pass to a more selective behavior, similar to the one observed by Barreto and Herrera (1998) in Venezuela. Plants, whose frequency of observed occurrence is very low (<1%), could suffer accidental ingestion with the consumed species. In this case, a rejection to two Cyperaceae (0.04 and 0.1%) was observed, different from the capybaras studied by Quintana et al. (1994) in Argentina, where the main alimentary item (Carex riparia) was Cyperaceae. In agreement with Arnold (1987) , herbivore mammals presented forage strategies related with its metabolic rates, size and anatomy of the digestive treatment. Like this, if the capybaras possessed a high digestive efficiency as affirmed by González-Jiménez (1978) , it was possible to suppose that the ingestion of few alimentary items along the year supplied its nutritional solicitations, without the need of a larger alimentary diversification. Moreover, capybaras were grazers selective, choosing plants with high protein level (Alho, 1986 ). In conclusion, it was possible to say that ESEC Taim's capybaras varied their diet according to season and readiness of victuals, alternating the alimentary items to supply their nutritional needs. In the critical seasons, as winter and summer, when the quality, or offer decreased, they showed an opportunist behavior, passing to a more selective diet when the offer of victuals increased.
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RESUMO
O principal objetivo deste estudo foi determinar os hábitos alimentares das capivaras na ESEC-Taim baseado na análise microhistologica de suas fezes. Os dados foram analisados sazonalmente. Em 172 amostras analisadas, foram identificadas 17 espécies, com predominância de Poaceae. Zizaniopsis bonariensis foi a espécie mais freqüente no inverno (38%), primavera (32%) e verão (26,5%) e Paspalum disthichum no outono (31,5%). O aumento no consumo da vegetação durante o verão pode ser explicado devido à qualidade da vegetação. As capivaras mostram um comportamento de oportunismo nas estações de inverno e verão e um comportamento mais seletivo na primavera e outono. Concluindo, as capivaras da ESEC-Taim variam sua dieta de acordo com a estação e a disponibilidade de comida.
